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© Resin encapsulated semiconductor device and process for producing the same. 

© The resin encepsulated semiconductor device having 
improved moisture resistance and thermal stability is pro- 
vided with a resin encapsulation and/or resin coating of a 
resin material conteining isomelamine rings end melamine 
rings. 
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The isomelamine ring and melamine ring herein are rep- 
resented by the following formulae II] end [II), respectively: 
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The starting materials for the above-mentioned polymers 
include polycyanamide compounds selected from the group 
consisting of aromatic cyanamide compounds and 
N-cyano-N-amide compounds. 
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Title of the Invention: 

RESIN ENCAPSULATED SEMICONDUCTOR DEVICE AND PROCESS FOR 
PRODUCING THE SAME 

The present invention relates to resin-encapsulated 
electronic parts such as semiconductor devices, for example, 
diodes, transistors, IC and LSI and a process for producing 
them . 

5 There have been known semiconductor devices produced by 

encapsulating a semiconductor element to a substrate or base 
plate comprising a metallic material or a ceramic material by 
using a synthfetic adhesive, coating the surface of the semi- 
conductor element with a protective film and sealing them 

10 with a resin or a glass. As typical surface-protective films, 
polyimide resin films or silicone gel films have been 
recommended. However, these semiconductor devices have an 
insufficient moisture resistance. This problem is serious 
particularly in semiconductors of which a long time reliability 

15 -is required or semiconductors used ina semiconductor device 
having a high wiring density of which a high reliability is 
required. When a semiconductor device having a poor moisture 
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resistance is used. aluinlnM (M) ^ ^ 
parts are corroded end the wires are broken. 

Summary of th g Invention 

An object of the present invention is to provide resin- 
5 encapsulated semiconductor devices having proved moisture 
resistance and thermal stability. 

The semiconductor device of the present invention 
comprises a semiconductor element having a surface-protective 
Xilm and a resin material for encapsulating the same .wherein 
1° the protective film is made of a thermosetting polymer 
-aterial containing isomelamine rings and melamine rings. 

The inventors have found that a polymer having the 
following particular chemical structures has a guite excellent 
adhesive property "to semiconductor elements. Further, the 
15 inventors have found that when this polymer is used i, forming 
a surface-protective film f or the semiconductor eiement, the 
moisture resistance of the semiconductor device can be im- 
proved remarkably. 
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Brief Des cription of Drawings 

^g. 1 and 2 are cross sections of embodiments of the 
semiconductor devices of the present invention. 



Description of the Invention 



The isomelamine ring and melamine ring herein 
sented by the following formulae [ I ] and [il] , respectively: 



I 

A 



I 



A 




NH 
I 

A 

! 

melamine ring 



The starting materials for the above-mentioned polymers 
-include polycyanamide compounds selected from the group con- 
5 sisting of aromatic cyanamide compounds and N-cyano-N-^amide 
compounds. The above-mentioned polymers can be obtained by 
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heating at least one of these compounds. 

The aromatic cyanamide compounds include, for example , 
phenyl cyanamide, 2 , 6-dicyanamidopyridine, m-phenylene 
dicyanamide, p-phenylene dicyanamide, 4 ,4 '-dicyanamidodi- 
5 phenylmethane , 2 , 2 1 -bis ( 4 -cyanamidodiphenyl) propane , 4,4'- 
dicyanamidodiphenyl oxide, 4 , 4 1 -dicyanamidodipheny 1 sulfone, 
bis (4-aiuinophenyDphenylphosphine oxide, bis (4-cyanamidophenyl) - 
methylamine, 1 ,5-dicyanamidonaphthalene, m-xylylene dicyanamide, 
1 ,1-bis (p-cyanamidophenyl)phthalan, p-xylylene dicyanamide, 
10 hexamethylene dicyanamide, 6,6 , -dicyanamido-2,2 , -dipyridyl, 
4 , 4 1 -dicyanamidobenzophenone, 4 , 4 f -dicyanamidoazobenzene , 
bis (4-cyanamidophenyl) cyclohexane , 1,1 -bis (4-cyanamido-3- . 
methylphenyl) -1,3, 4-oxadiazole , 4 , 4 1 -dicyanamidodipheny 1 ether , 
4,4* -bis (p-cyanamidophenyl) -2 , 2 f -dithiazole , m-bis (4-p- 
1 5 cyanamidophenyl-2-thiazolyl) -benzene , 4,4' -dicyanamido- 

benzanilide , 4,4' -dicyanamidophenyl benzoate , 2 , 2 1 -bis [4- (4- 
cyanamidophenoxy) phenyl] propane , 2,2' -bis ^3-methyl-4- (4- 
cyanamidophenoxy) phenyl] propane , 2 , 2-bis [3-ethyl-4- (4- 
cyanamidophenoxy) phenyl] propane, 2, 2-bis (3-propyl-4- (4- 
20 cyanamidophenoxy) phenyl] propane, 2 , 2-bis [3-isopropyl-4- (4- 
- cyamamidophenoxy) phenyl] prcpane , bis [4- (4 -cyanamidophenoxy) - 
phenyl) methane and cyanamido-terminated sulf one ether 
oligomers and polypheny Ijnethylene polycyanamides of the 
following formula [ill] : , 
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NHCN 



CH 9 

CH a n 



wherein n is 0 to 3. 

The N-cyano-N- amide compounds include, for example, 
those of the following general formulae: 



R* R' 

I I 

UC - N - K U - R ¥ N - CN 

ro 

NC - N - CH 2 4 — CH 2 ^ ^3~ CH2 ~ N " CN 



N - CN 
I 

R« 



and 
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onyl 

group, a benzenecarbonyl group or a benzyl group and at least 
one K' in the molecule represents a hydrogen atom, R represents 
an alkylene group having 4 to 14 carbon atoms, a cycloalkylene 
5 group or a phenylene group, A represents 0, S, S0 2 , CO or CH 2 , 
m represents a number of 0 or 1, n represents a number of 0 
to 3 and 3 represents a number of 0 to 4. 

In the present invention, a polymerizable compound may 
be used together with the above-mentioned polycyanamide 

TO compound. The polymerizable compounds include, for example, 
aromatic diamines such as 4 , 4 ' -diaminodicyclohexylmethane , 
1 , 4-diaminocyclohexane , 2 , 6-diaminopyridine , m-phenylene- 
diamine, p-phenylenediamine , 4 , 4 ' -diaminodiphenylmethane , 
2 ' 2 ' ~ bis (4 -aminophenyl ) propane , "benz idine ,4,4' -diaminodiphenyl 

15 oxide, 4 , 4 ■ -diaminodiphenyl sulfone, bis (4 -aminophenyl) - 
methylphosphine oxide, bis (4 -aminophenyl )phenylphosphine 
oxide, bis{4-aminophenyl)methylamine, 1 , 5-diaminonaphthalene , 
m-xylylenediamine , 1,1 -bis (p-aminophenyl) phthalan, 6,6*- 
diamino-2 , 2 ' -dipyr idyl , 4,4' -diaminobenzopbenone , 4,4'- 

20 diaminoazobenzene, bis (4-aminophenyl)phenylmethane, 1,1-bis- 
(4-aminophenyl) cyclohexane, 1 , 1-bis (4-amino-3-methylphenyl) - 
cyclohexane, 2,5-bis (m-aminophenyl)-l , 3 , 4-oxadiazole , 2,5- 
±»is (p-aminophenyl) -1,3, 4-oxadiazole , 2 , 5 -bis (m-aminophenyl ) - 
thiazolo (4 , 5-d) thiazole , 5 , 5-di (m-aminophenyl) -(2,2') -bis- 

2 5 (1 ,3,4-oxadiazolyl) , 4 , 4 1 -diaminodiphenyl ether , 4,4'-bis- 
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(p-aminophenyl)-2, 2 '-dithiazole, m-bis (4-p~aminophenyl-2- 
thiazolyl)benzene, 4 ,4 '-diaminobenzanilide, 4 , 4 1 -diaminophenyl 
benzoate, N ,N f -bis (4-aminobenzyl) -p-phenylenediamine, 4,4'- 
methylenebis (2-dichloroaniline) , benzoguanamine and methyl- 
5 guanamine. 

The polymerizable compounds include also difunctional 
epoxy compounds such as diglycidyl ether of bisphenol A, 3,4- 
epoxycyclohexylmethyl 3 , 4 -epoxy cyclohexanecarboxy late , 4 , 4 1 - 
(1 ,2-epoxyethyl)diphenyl ether, resorcinol diglycidyl either, 
0 bis(2,3~epoxycyclopentyl) ether and N,N' -m-phenylenebis (4 ,5 1 - 
epoxy- 1 ,2-cyclohexanedicarbodiiraide) ; trif unctional or 
polyfunctional epoxy compounds such as triglycidyl compounds 
of p-aminophenol , 1 ,3,5-tri (1 ,2-epoxyethyl) benzene, tetra- 
glycidoxytetraphenylethane and polyglycidyl ethers of phenol- 
ic formaldehyde novolak resin; and epoxy compounds containing 
halogen atoms such as brominated epoxy compounds . 

Further, the polymerizable compounds include bismaleimide 
compounds such as N,N'-methylenebismaleimide, N,N f -ethylene- 
bismaleimide, N,!*' -hexamethylenebismaleimide, N r N f -tr±methyl- 
*0 enebismaleimide, N,N ! -m-phenylenebismaleimide, N,N , -4,4 f - 
diphenylmethanebismaleimide', N,N'-4 ,4 1 -diphenylmethanebis- 
maleimide, N,N'-diphenyl ether bismaleimide, N,S» -methylenebis- 
.(3-chloro-p-phenylene) bismaleimide , N,N' -4 ,4 1 -diphenyl sulf one 
bismaleimide , N, W 1 -4 , 4 1 -dicyclohexylmethanebismaleimide , 
25 N / N'-a f a , -4 l 4 , -dimethylenecyclohexanebismaleimide and N,N' — 
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4,4'-diphenylcyclohexanebismaleimide; and polymaleimides of 
the following formula [iv] obtained by reacting a condensate 
of aniline and formaldehyde with maleic anhydride: 



CH = CH 

I I 

CO CO 

\/ 

N 




CH 2 




CH 2 



CH = 



CO 



CH 
I 

CO 



\/ 



N 



n 




The following monomaleimide compounds may also be used 
5 in the present invention: N-methylmaleinri.de, N-ethylmaleimide , 
N-propylraaleimide , N-butylmaleimide f N-allylmaleimide, TJ— 
vinylmaleimide , N-phenylmaleimide , N-3-chlorophenylmaleimide , 
N-o-tolylmaleimide, N-m-tolylmaleimide , N-p-tolylmaleimide, 
N-o~n^t±ioxyphenyliiialeimide , N-m-methoxyphenylmaleimide, N-p- 
lO methoxypheny lmalen -mi de , N-benzylmaleimide, 33-pyr idy 3 ma leimi de , 
N-hydroxypheny lmaleimide , ff-ace toxypheny 1 ma leimide , N- 
dichlorophenylmaleimi de , N-benzophenonemalei mi de , N-diphenyl 
ether maleimide , N-acetylphenylmaleimide and N-cyclohexyl- 
maleimide. 

15 . The following phenolic compounds may also be used in the 
present invention: phenol, cresol, m-cresol, p-cresol, 2,5- 
xylenol, 2 , 6-xylenol, o-chlorophenol, m-chlorophenol, p- 



chlorophenol , o-phenylphenol , m-phenylphenol , p-phenylphenol / 
saligenin and bisphenol A. 

In addition, polybutadiene , triallyl isocyanurate , 
acrylic acid compounds, guanamines and melamine may be used 
in the invention. 

The above-mentioned polymerizable compounds may be used 
either alone or in the form of a mixture of two or more of 
them in the present invention. 

The present invention will now be described with 
reference to attached drawings. Fig. 1 is a cross section 
of an embodiment of the semiconductor device of the present 
invention. In Fig. 1, a semiconductor element 1 is sealed 
to and bonded with a * substrate or supporting body 2 by means 
of an adhesive 3.- Further ? the surface of the semiconductor 
element 1 is coated with a surface-protective film 4 com- 
prising a polymer containing the above-mentioned isomelamine 
rings and melamine rings. They are encapsulated by a molding 
resin 5 comprising a thermosetting resin. Numeral 6 is lead 
wire and 7 is a lead. The semiconductor element 1 comprises, 
for example, an integrated circuit element. Wires of, for 
example, aluminum (not shown) and output electrodes (not 
shown) are arranged on the principal surface of the element. 
JThe molding resin 5 can be formed by, for example, a known 
molding technique such as a transfer molding process. 

The surface-protective film herein is formed on the 
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surface of the semiconductor element (chip) for fulfilling 
at least one of the purposes of stabilizing the junction, 
shielding a-rays and reducing a stress caused by the molding 
resin. 

5 After further investigations, the inventors have recognized 

that when the same polymer as that used in the formation of 
the surface-protective film 4 is used as the molding resin 5, 
the adhesive power on the interface between the sealer 5 and 
the surface-protective film 4 is increased to contribute to 

10 the improvement in the moisture resistance. In this connec- 
tion, the surface-protective film 4 may be formed in another 
step than that of forming the molding resin 5. When a -ray 
shielding effects are required, it is preferred to incorporate 
a filler having a high purity in the resin. It is also 

1 5 possible to directly mold the encapsulating resin 5 and the 
surface-protective film 4 integrally, omitting the step of 
forming the surface-protective film 4. Namely, the molding 
resin or encapulating resin 5 may serve also as the surface- 
protective film as shown in Pig. 2. " 

20 The inventors have found further that when the polymer 

containing the above-mentioned isomelamine rings and .melamine. 
rings ±s used also as the adhesive 3 shown in Pigs. 1 and 2, 
.a semiconductor device having not only a high heat resistance 
but also a quite high moisture resistance can be obtained. 

25 a reason therefor may be as follows: when the adhesive has a 
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poor heat resistance, decomposition products of the adhesive 
are formed in a very small amount in a wire bonding step 
(350°C) and they stain the conductor element and the substrate 
Therefore, when they are encapsulated in the molding material, 

5 the adhesion between the semiconductor element and the sub- 
strate and the molding material is poor and, consequently, 
water is absorbed therein at the interface to cause a corro- 
sion* Accordingly, a polyimide resin having a high heat 
resistance has been used as the adhesive in the prior art. 
10 However, such a resin requires a specified solvent having a 
high boiling point, such as N-methyl-2-pyrrolidone. Such a 
high boiling solvent still remains in the adhesive after the 
hardening to form microvoids in the adhesive. "Water comes 
into the voids and the adhesive power is reduced due to the 

15 presence of the voids. When a conventional heat-resistant 
resin is used, a high temperature of 200 to 300 °C and a long 
time of at least 60 minutes are required for the hardening. 
As described above, the above-mentioned polycyanamide com- 
pound may be used as the starting material for the adhesive 

20 of the present invention. The polycyanamide compound or a 
composition comprising the same and another polymer izable 
compound is hardened immediately (10 to 600 seconds at 150 to 
300 °C) and the hardened product has an extremely high heat 
resistance. Further, a solvent having a low boiling point 

25 used generally in the prior art may be used in the present 
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invention. Therefore, the solvent does not remain 
adhesive in the hardening step and no voids are formed. The 
water absorption through the voids is only negligible. 
Gaseous low-molecular organic coinpounds containing C, H and 
5 O elements , etc. formed in the step of curing the adhesive 
by heating deposits on the surface of the semiconductor 
element and the resulting deposits lower the adhesion between 
the molding and the surface of the semiconductor element. 
When extraneous water penetrates therein under the circum- 
10 stance, the surface of the semiconductor element is easily 

separated from the surface of the molding resin to form voids* 
Thus, the corrosion of the Al wires or bonding parts is 
accelerated. According to the present invention, such a 
problem can be avoided* 
15 As the amount of the isomelamine and melamine rings of 

the above formula £l]or [ll] formed is increased, the state 
of t±te polymer used in the present invention changes gradually 
as follows: state A state B ■* state C. State B corresponds 
to a prepolymer which can be obtained by a preliminary reac- 
20 tion. In using the polymer as a varnish, it is in state A 
or state B. In the present invention, the polycyanami&e 
compound or the compos it ion containing this compound and 
.another polymerizable compound (the compound or the composi- 
tion will be referred to as "the starting compound" herein 
25 after) is reacted and cured by heating the same in an organic 
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solvent or in the absence of any solvent. The latter is a 
so-called fusion reaction. When the solvent is used, it is 
preferred to carry out the reaction by heating the reactant 
first to about 50 to 150°C and then to a higher temperature 
5 of about 150 to 220°C. On the other hand, the fusion reac- 
tion can be carried out by heating to a relatively high 
temperature of a about 150 to 220 °C in the initial stage. 
The prepolymer can be obtained by terminating the heating 
when the reaction product in B-stage is obtained. When. the 

10 reaction is carried out in the solvent, the heating is 

terminated before a solid (cured product) is precipitated. 
In the present invention, the cured product may be obtained 
directly without suspending the reaction in the B-stage. 
The solvents include, for example, methyl ethyl ketone, 

15 methyl acetyl ketone, 2-methoxyethanol, 2- (methoxymethoxy) - 
ethanol, 2-isopropoxyethanol, 2- (ethoxyethoxy)ethanol, 
dioxane , dimethyldioxane , monop>ropylene glycol methyl ether , 
N,N~dimethylformamide, N , N ' -dimethy lace tamide and N-methyl- 
2-pyrrolidone. These solvents may be used either alone or 

20 in the form of a mixture of two or more of them. 

It is most effective in the present invention to use 
the above-mentioned surface-protective film, molding resin 
and adhesive in their stage B (i.e. in the form of the pre- 
polymer) . Particularly, the surface-protective film and the 

25 adhesive are used preferably in the form of a solution of 
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the prepolyroer in a solvent. The prepolyroer solution has 
a quite excellent film-forming ability far superior to 
that of a conventional polyimide resin. For example, it has 
a uniform film thickness, that is r hardly foamed, and a 
5 thick films thereof can be formed easily. Particularly, a 
suf f iciently thick film can be formed by a single coating 
operation. When the conventional polyimide resin is used, 
the application (coating) and a heat treatment at about 200 °C 
must be repeated several times. Further, for -the final curing 

10 of the polyimide resin, a heat treatment at a temperature of 
as high as 300 to 400 °C for a time of as long as about 1 to 
2 hours is reguired and, therefore, its processability is 
unsatisfactory. In addition, the characteristics of the 
semiconductor devices are changed frequently by the heat 

15 treatment effected at "such a high temperature for such a long 
time. * Another problem of the polyimide resin is its poor 
adhesion to the semiconductor element (chip) . On the other 
hand, the above-mentioned prepolymer solution used in the 
present invention is rapidly curable (150 to 300 °C in 10 

20 seconds to 30 minutes). Thus, the characteristics of the 
semiconductor devices of the present invention are not 
damaged, since it can be cured at a low teD5>erature in a 
-short period of time. 

A known inorganic filler and other additives may be 

25 incorporated into not only the molding resin but also the 
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surface-protective film and the adhesive. Further, an 
electroconductive powder such as silver powder may also be 
incorporated into the adhesive so as to produce a conductive 
adhesive. In this case, the substrate or supporting body 
5 may serve as a ground level. 

Detailed Examples of the Invention 
Example 1 

a ) 4,4' -dicyanamidodiphenylme thane 
80 parts by weight 
10 b) 4 , 4 ' -diaminodiphenylmethane 

20 parts by weight 
The above two compounds were dissolved in 100 parts by 
weight of methyl ethyl ketone. The solution was prereacted 
at 60 to 80 °C for 60 min to obtain a prepolymer. 
15 Example 2 

a) 4,4 , -dicyanainidodiphenyl ether 

70 parts by weight 

b ) 4 , 4 1 -diaminodiphenylmethane 

30 parts by weight 
20 The above two compounds were dissolved in 100 parts by 

weight of methyl ethyl ketone. The solution was prereacted 
at 60 to 80 °C for 30 min to obtain a prepolymer. 
Example 3 

4,4' -dicyanamidodiphenylmethane 
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100 parts by weight 
This compound was dissolved in 100 parts by weight of 
methyl ethyl ketone. The solution was prereacted at 60 to 
80 °C for 60 min to obtain a prepolymer. 
5 Example 4 

a ) 4 r 4 1 -dicyanamidodiphenylsaethane 

80 parts by weight 

b) bisphenol A-type epoxy resin 

20 parts by weight 
10 These two compounds were dissolved in 10 parts by weight 

of butyl cellosolve. The solution was prereacted at 60 to 
80 °C for 30 min to obtain a prepolymer. 
Conventional Example 1 

a) 4 r 4 T -bis (p-aminophenoxy) biphenyl 
15 50 parts by weight. 

b) pyromellitic dianhydride 

30 parts by weight 
These two compounds were dissolved in 450 paxts by 
weight of N-methyl-2-pyrrolidone. They were reacted at 
20 about 10°C for 5 h to obtain a prepolymer. 
Conventional Example 2 

a) bisphenol A-type epoxy resin 

100 parts by weight 

b) phenolic novolak resin 
25 50 parts by weight 
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c) 2-ethyl-4-methylimidazole 

2 parts by weight 
These three compounds were dissolved in TOO parts by 
weight of methyl ethyl ketone and stirred at 50 to 60°C for 
5 about 15 min to obtain a prepolymer. 

The surface-protective film-forming prepolymers obtained 
in the above Examples 1 to 4 and Conventional Examples 1 to 
2 were applied to MOS 64 K bit D-RAM elements and curing 
conditions of them were examined. Then, the elements having 
10 the coating films were subjected to PCT (a test wherein the 

samples are left to stand in steam at 120°C under 2 bar (2 atm) for 
1000 h. The adhesion between the element and the surface- 
protective film was examined with a lead checking liquor. 
The results are shown in Table 1 . 
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It is apparent from Table 1 that the surface-protective 
film of the present invention was curable under conditions 
comprising a lower temperature and a longer time as those of 
the conventional coating films and that the former had an 
5 extremely high adhesion to the element. 
Example 5 

a ) 4,4' -dicyanamidodiphenylmethane 

100 parts by weight 

b) butyl cellosolve 

10 100 parts by weight 

c) silver powder (average particle diameter: 
1.2 v) 

350 parts by weight 
These components a) and b) were stirred in a 300 m£ 
15 flask provided with a reflux condenser at 60 to 80 °C for 
90 min to obtain a homogeneous prepolymer solution. Then, 
the solution was charged in a 1 £ mortar. Component c) was 
charged therein in the given amount and stirred by means of 
an automatic masticator for about 2 h to obtain an adhesive 
20 containing the siiver powder. 
Example 6 

a) 4 , 4 1 -dicyanamidodiphenylmethane 

80 parts by weight 

b ) 4 r 4 1 -diaminodipheny lme thane 
25 20 parts by weight 
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c) butyl cellosolve 

100 parts by weight 

d) silver powder (average particle diameter: 
1.2 p) 

5 350 parts by weight 

The components a) to c) were stirred in a 300 ml flask 
provided with a reflux condenser at 60 to 80 °C for 40 min to 
. obtain a homogeneous solution. The solution was charged in 
a 1 £ mortar- The given amount of the component d) was 
10 charged therein and they were stirred by means of an automatic 
masticator for about 2 h to obtain an adhesive containing the 
silver powder* 
Example 7 

a ) 4,4* -di cy anamidodipheny lmethane 
15 70 parts by weight 

b ) N , N 1 -4 , 4 1 -diphenylme thanebismaleimide 

30 parts by weight 

c) N-methyl-2-pyrrolidone 

100 parts by weight 
20 d) silver powder {average particle diameter: 

3.0 ym) 

480 parts by weight 
The above components a) to c) were stirred in a 300 m£ 
flask provided with a reflux condenser at 70 to 90 °C for 90 
25 minutes to obtain a homogeneous solution. Then, the solution 
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was changed in a 1 £ mortar. The given amount of the com- 
ponent d) was charged therein and stirred by means of an 
automatic masticator for about 2 h to obtain an adhesive 
containing the silver powder. 
5 Conventional Example 3 

a) bisphenol A- type epoxy resin 

100 parts by weight 

b) tetrahydrophthalic anhydride 

52 parts by weight 
10 c) butyl cellosolve 

100 parts by weight ' 

d) 2-ethyl-4-methylimidazole 

2 parts by weight 

e) silver powder (average particle diameter: 
15 1.2 urn) 

600 parts by weight 

f) epoxysilane 

2 parts by weight 
The above components a) to c) were stirred in a 500 m£ 
20 flask provided with a reflux condenser at 60 to 80 D C for 30 
minutes to obtain a homogeneous solution. Then, the solution 
was charged in a 1 £ mortar. The given amounts of the com- • 
ponents d) to f) were charged therein and stirred by means 
of an automatic masticator for about 2 h to obtain an adhesive 
25 containing the silver powder. 
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Conventional Example 4 

a) bisphenol A- type epoxy resin 

100 parts by weight 

b) phenolic novolak resin 
5 50 parts by veight 

c) butyl cellosolve 

100 parts by weight 

d) 2-ethyl-4-methylimidazole 

2 parts by weight 
10 e) silver powder (average particle diameter: 

1.2 um) 

600 parts by weight 
f) epoxy silane 

2 parts by weight 
15 The above components a) to c) were stirred in a 500 m£ 

flask provided with a reflux condenser at 60 to 80 °C for 
60 rain to obtain a homogeneous solution. Then, the solution 
was charged in a 1 1 mortar. The given amounts of the com- 
ponents d) to f ) were charged therein and stirred by means 
20 of an automatic masticator for about 2 h to obtain an adhesive 
containing the silver powder. 

A model element having the same size as that of the MOS 
64K bit D-RAM element was adhered to a 42 alloy lead frame 
material, with each of the adhesives obtained in Examples 5 
25 to 7 and Conventional Examples 3 and 4. The adhesion 
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processability (curing conditions) are shown in Table 2. . 
Then, the adhesion between the model element and the frame 
material bonded with the adhesive was examined by means of a 
push-pull gauge. The results are shown in Table 2. The.. 
5 adhesive power was measured in the initial stage, after the 
heat treatment at 350°C (i.e. a temperature to which the 
element was exposed in the wire bonding step) for 15 minutes 
and after the moisture resistance test (PCT 200. h) . 

Table 2 





Curing 
conditions 


Adhesive power (kg/mm 2 ) 


Temp. 
(°C) 


Time 
(mill) 


Initial 
value 


After heat 
treatment 
at 350 °C 
for 15 min 


After 
PCT for 
200 h 


Example 5 


,250 


0.4 


14.0 


13.5 


14.0 


Example 6 


250 


0.4 


14.3 


14.0 


14.2 


Example 7 


250 


0.4 


16.0 


15.5 


16.0 


Conventional 
Example 3 


250 


30 


0.8 


0 


0 


Conventional 
Example 4 


250 


30 


2.0 


0.5 


°- 2 



Note: Adhesive power was determined by adhering a model 
10 element on a 42 alloy lead frame material with each 

adhesive and then the adhesive power between them 
was measured by means of a push-pull gauge. 

It is apparent from Table 2 that the adhesive of the. 
present invention has a higher processability (shorter curing 
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time) than that of the conventional material and the former 
has a higher adhesive power even at a high temperature and a 
higher moisture resistance. 
Conventional Example 5 
5 Composition: 

a) cresol novolak-type epoxy resin 

100 parts by weight 

b) phenolic novolak resin 

50 parts by weight 
10 c) 2-heptadecylimidazole 

2 parts by weight 

d) Hoechst Wax E 

2 parts by weight 

e) carbon black 

15 1 part by weight 

f ) epoxy silane KBM 403 

2 parts by weight 

g) quartz glass powder 

300 parts by weight 
20 The above components a) to g) were kneaded in an 20.3 cm 

mixing roll heated to 80 to 90 °C for 3 to 10 minutes, then 

cooled and pulverized to obtain a molding material. 

Conventional Example 6 

Compos ition : 
25 ai cresol novolak-type epoxy resin 
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100 parts by weight 

b) tetrahydrophtalic anhydride 

50 parts by weight 

c) 2-heptadecylimidazole 

2 parts by weight 

d) Hoechst Wax E 

2 parts by weight 

Example 8 
Compositions 

a ) 4 , 4 ** -dicy anamidodipheny lmethane 

80 parts by weight 

b) 4 , 4 1 -diaminodipheny lmethane 

20 parts by weight 

c) stearic acid 

2 parts by weight ' 

d) carbon black 

1 part by weight 

e) epoxysilane 

2 parts by weight 

f) quartz glass powder 

200 parts by weight 
The above components a) -to f ) were kneaded by fusion 
-by means of an 20.3 xm mixing roll heated to 80 to 90 °C for 
10 minutes, then cooled and pulverized to obtain a molding 
material. 
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Example 9 
Composition: 

a) 4 , 4 1 -dicyanaiuidodiphenylinethane 

50 parts by weight 
5 b) cresol novolak-type epoxy resin 

50 parts by weight 
c) 2-heptadecylimidazole Ci?Z 

(a product of Shikoku Kasei Co J 

1 part by weight 
10 d) Hoechst Wax E 

2 parts by weight 

e) carbon black 

1 part by weight 

f ) epoxy silane 

15 2 parts by weight 

g) quartz glass powder 

200 parts by weight 
The above components a) to g) were kneaded by fusion by 
means of an 20.3 e. mixing roll heated to 80 to for 3 to 

20 10 minutes, then cooled and pulverized to obtain a molding 
material . 60 *rr. on-* - 

Example 10 

Composition: 

a) 4 , 4 1 -dicyanamidodiphenylmethane 

25 30 parts by weight 
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b) cresol novolak-type epoxy resin 

50 parts by weight 

c) phenolic novolak resin 

20 parts by weight 

d) triphenylphosphine 

2 parts by weight 

e) Hoechst Wax E (a product of Hoechst Japan) 

2 parts by weight 

f ) carbon black 

1 part by weight 

g) epoxysilane 

2 parts by weight 

h) quartz glass powder 

200 parts by weight 
The above components ,a) to h) were kneaded by fusion by 
means of an 20.3 an mixing roll heated to 80 to .90 °C for 3 to 
10 minutes, then cooled and pulverized to obtain a molding 
material. 

Example 11 .". 
Composition: 

a) 4,4'-dicyanamidodiphenylmethane 

70 parts by weight 

b) N / N , -4,4 '-diphenylmethanebismaleimide 

30 parts by weight 

c) Hoechst Wax 
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2 parts by weight 

d) carbon black 

1 part by weight 

e) epoxysilane 

5 2 parts by weight 

f ) quartz glass powder 

200 parts by weight 
The above components a) to f ) were kneaded by fusion by 
means of an 2Q.3 cm mixing roll heated to 80 to 90 °C for 3 to 
10 10 minutes, then cooled and pulverized to obtain a molding 
material. 
Example 12 
Composition : 

a ) 4,4' -dicy anamidodipheny lmethane 

15 50 parts by weight 

j>) N,N f -4 , 4 1 -diphenylmethanebismaleimide 

30 parts by weight 
c) cresol novola3c-type epoxy resin 
20 parts by weight 
20 d) Hoechst Wax 

2 parts by weight 

e) carbon black 

1 part by weight 

f) epoxysilane 

25 2 parts by weight 
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g) quartz glass powder 

250 parts by weight 
The above components a) to f ) were kneaded by fusion by 
means of an 20.3 an mixing roll heated to' 80 to 90°C for 3 to 
5 min, then cooled and pulverized to obtain a molding material. 

The properties of the molding materials obtained in the 
above Examples 8 to 12 and Conventional Examples 6 to 8 are 
shown in Table 3. MOS-type IC having electrodes coated with 
aluminum by vacuum vapor deposition was obtained by transfer 
10 molding method in Examples 19 to 26 and Conventional Examples 
6 to 8. The resin-sealed MOS-type IC was subjected to a 
pressure cooker test (PCT; a deterioration test f effected in 
steam under 2 atm for up to 3000 h) and electricity applica- 
tion PCT (B-PCT; 30 V, up to 500 h) to examine its moisture 
15 resistance. Further, the MOS-type IC was subjected to a 
long time electricity application test at 180°C (180 B-T, 
30 *V, up to 1000 h) to examine its operating characteristics 
at high temperatures. The adhesion between the lead wire 
and the resin molding of the MOS-type IC was examined by 
20 immersing the same in the lead checking liquor under an 

elevated pressure of 10 atm. The results are summarized in 
Table 4. 

The results in Table 4 are represented by the number of 
breakages in -the wiring in PCT or B-PCT and the number of 
25 cases of defective operations. The results of the lead check 
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test were shown according to the following criteria: 



Proportion of the lead checking liguior 
penetrated in the void between the lead wire 
and the resin to a length of ■ the lead wire 
sealed in the resin 

up to 10% 
10 to 30% 
30 to 50% 
50 to 80% 
80 to 100% 
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Conventional 
Examples 
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It is apparent from the results shown in Tables 3 and 
4 that the molding material of the present invention has a 
high curing velocity, a high glass transition temperature and 
an excellent moisture resistance as well .as excellent electric 
5 characteristics at high temperatures. The molding material 
is, therefore, suitable for use as the sealing resin for 
semiconductor devices. Further, the semiconductor device 
having the resin sealing of the present invention has excellent 
moisture resistance and, operating characteristics at high 

10 temperatures and a quite high reliability. 
Examples 13 to 19 and Conventional Examples 7 to 11 

A MOS 64 K bit D-RAM element was bonded with a tab (a 
• part for carrying the element) of a lead frame (42 alloy) 
with an adhesive shown in Table 5. Then, the surface of the 

11 element was coated with an element surface-protective coating 
material shown in Table 5. The element was transfer-molded 
with a sealing material shown in Table 5. Thereafter, 
moisture resistances (PCT and B-PCT) and semiconductor 
characteristics (180 B-T) of the molding at a high temper- 

20 ature were examined. The results are shown in Table 5. 
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It is apparent from Table 5 that the resin-sealed semi- 
conductor device of the present invention in which a combina- 
tion of the adhesive, element surface-protective film-forming 
material and sealing material is used has quite excellent 
5 moisture resistance and semiconductive characteristics at a 
high temperature. It is also apparent that even when the 
element surface-protective film-forming material or sealing 
material of the present invention is used alone, the moisture 
resistance and high- temperature semiconductive characteristics 
10 superior to those obtained by using a conventional material 
can be obtained. 
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What ve claim is: 

1 „ A semiconductor device comprising a semiconductor 
element having a surface-protective film and a resin sealer 
for sealing the element characterized in that the protective 
film is made of a polymer containing isomelamine rings and 

roelamine rings. 

2. A semiconductor device according to Claim 1 wherein 
-the resin sealer comprises a polymer containing isomelamine 
rings and melaroine rings. 

3. A semiconductor device comprising a semiconductor 
element having a surface-protective film applied to a carrier 
through an adhesive and a resin sealer for sealing* the element, 
characterized in that the adhesive, surface-protective film 
and resin sealer each comprise a polymer- containing isomelamine 
rings and melamine rings. 

4. A semiconductor device sealed with a resin sealer, 
characterized in that the sealer comprises a polymer containing 
isomelamine rings and melamine rings. 

5. A process for producing a semiconductor device 
which comprises coaiiing the surface of a semiconductor 
element with a resin and hardening the resin by heating to 
form a protective film on the surface of the semiconductor 
element, characterized in that a prepolymer obtained by pre- 
reacting a composition containing a polycyanamide compound 
and, if necessary, another polymerizable compound is used as 



the coating resin and the prepolymer is then harden A^h^S 2 6 2 
heating. 

6. A process for producing a semiconductor device 
characterized by coating the surface of a semiconductor 
element with a prepolymer obtained by prereacting a composi- 
tion containing a polycyanamide compound and f if necessary, 
another polymer izable compound, hardening the prepolymer by 
heating to form a protective film on the surface of the 
semi-conductor element, molding them with a molding material 
comprising (a) a composition containing a polycyanamide 
compound and, if necessary, another polymerizable compound 
or a prepolymer obtained by pre-reacting the composition and 
(b) an inorganic filler .to form a- sealed product. 

7. A process for producing a semiconductor device ' 
characterized by molding a semiconductor element with a 
molding material comprising (a) a composition containing a 
polycyanamide compound and, if necessary, another polymerizable 
compound or a prepolymer obtained by pre-reacting the composi- 
tion and (b) an inorganic filler to form a sealed product. 
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Resin encapsulated semiconductor device and process for producing the same. 



® The resin encapsulated semiconductor device having 
improved moisture resistance and thermal stability is 
provided with a resin encapsulation and/or resin coating of 
a resin material containing isomelamine rings and mela- 
mine rings. 

The isomelamine ring and melamine ring herein are 
represented by the following formulae [I] and [111, respec- 
tively: I 
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The starting materials for the above-mentioned poly- 
mers include polycyanamide compounds selected from the 
group consisting of aromatic cyanamide compounds and 
N-cyarto-N-amide compounds. 
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